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Further Characterization and Species Specificity of Leukocytic
Endogenous Mediator (LEM)l (36842)

R. S. PEKARE:1, R. 11. WANNEMACHER, JR., F. E. CHAPPLE-, 111, IN. C. POWA:NDA,
AND WV. R. I3EISEL

U. S. Army Mfedical Researc-h Instit ute of Infectious Diseases, Frederick, Mtaryland ?1701

Certain alteratior~s in trace metal (1.-6) demonstrated that acute werum from febrile
and amno -cid (4, 6, 7) metabolism dluring 1)pnoaatients infected with Salmonella ivp hi con-
generalized infection and other inflammatory tae atrwihcol le ohznreactions appear to be mediated by an en- and amino acid metabolism when adminis-
dogenous humoral factor released, in part, by tered to normal recipient rats, we investi-
polymorphonuclear (1PMN) leukocytes. Leu- gated the potential value of employing rats as
kocytic endogenous mediator (LEM) has b~ioassay models for testing LEMN prepara-
been initially characterized as a heat labile, t ions from other species.
low-molecular weight (10,000-30,000) pro. Materials and jMethods. Healthy male
tein-like substance, which is soluble to sonic IDunning-Fisher rats w:!ighing 150-175 g,
extent in organic solvents (3, 8). These prop- adult male New Zealand white rabbits, young
erties are similar to those dlescribed for en- adlult male rhesus inonkeys, adlult male dogs
dogenous pyrogen (EP') (9), a !ow molecular (mixed breed.s), one young adult male goat,
wi-ight protein which exhibits a tendency and one adult female burro were used in the
towardl specieý, specificity in its fever produc- studies. The isotope employed for studying
ing actions (10) and can be inactivated with amino acid flux was IC-l-arninocyclopentane-
st-veral lproteolytic enzymes (11). Since l'.carboxylic acid, cycloleucine (05.75 mCi/
neither L.E.1 nor El' have been p~urifiedl mmolc, New England Nuclear. Boston. MA).
sufficiently to allow critical biological and Pronase, trypsin and lipase (Cailb'ochem, La
chemical comr.arisons, it still remains uncer- Jolla, CA) were used in the enzyme studies.
tamn whether they tsre one and the sanme, or Analytical methods. Serum zinc. conreentra-
(different substaitces. tions were determined by a previotusly (Il-

The putrposes of the present studly were to scribed atomic absorp)tion specctrophotometnic
demonstrate the species specificity of LEMl in method (i 2). Zinc-free polyethylene syr-
terms of its effect on both trace metal and inges, test tubes. and pipettes were used for
amino acid metabolism and to show the :'ample coliection andl prep'mration to mini'
effects of various enzymes, pH changes and mize the possibility of zinc contamination
storage conditions on the activity of LEIN. from exoggenous 'aurces. Liver hoilogenates
Further, since Kampschinid!t and Vpchurch wcre prepared and analyzed for the incorpo-
(2) found that LEM prepared from rabbit ration of the cycloleucine isotope. by the
PSMN leukocytes could depress serum zinc in meth.sd of Wannemacher et at. (7). The sam-
the rat and Warneneacher ei al. (7) cecesitly ples were count--d in a 3-channel Nuclear

thc d~cbed -- Chicago -cintillation counticr with e.xterrnal
I In conducting the reserchstandardization. re

port, the invest~gators adhered to the "Guide for sadriain
Lalboralo '. Animal Facilities and Car'," as pro-nul - Species specs flcsh' yof LniiI. Crude pir-lara-
gated b: the Committee on tht Guidt. for Laborato- tions 6f LEM% were obtained from rat. tabbit
ry Animal Facilit'n and Cart of the Institute of andi monkey PINN leukocytes by a procedure
Laboratory Animal Resources. National lleser.trl described by Pekarek- and Beisf-l (3). Pro-
Council. The facilities arc fully accredited by the tein concentrations of the different p~repara-
rmericart Association of Accreditation oif Laboratory tigns were measured by the method Of I.Owry,

Animal Care. et al. (13). Normal rats, rabbits and mon-
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keswere placed into groups andl adminis- and] enzyme~-buffer inixture!s were' also achnin-
tered either homologous er heterologotis istereci in the sanie ma mner to respective
p~rep~arationls of LEM as outlinedl it, Table 1. group~s of assay rats as ,hown in Table Il.
The recipient animals were bled at designated Four hours after adninistration of the va-ri
times (Table 1), and! their serumn ziec concen- ous test mixtures from boll, the 4 and 24 hr
trations were determined and compared to incubation times. the rats xere killed, and
their respective control values. The rabbits% serum and liver :-imples were obtained for
and monkeys in each test group served as zinc andI cycloleucine analysis.
their own individual controls, whereas b~ase TO study the effect of pH on LEM artivi-
line normal seruir. zinc volues in the rat w~ere ty, 1 11l of 0.5 .11 citric acid buffer. rileging
dletermiinedl in corresponding saline inocu- troin pH 4.5 to 8.0, was adlded to respective
lated controls, which were bled at the same tubes, containing 9 n.1 of LE'M. The tubes
time as the test groupsiwere bled. were then placed at 40 overnight. After incu-

.. ssa "% of diflc~ent Ii~ls in the rat. it, bation the LEM-buffer mixtures were neu-
addition opeaain rmrt abt n tradized by the addition of I ml of 2 V~
monkey leukocytes, LEM release was also sodium ph~osphate buffer, p-H 7.0. The mi~x-
investigatedl in PNIN leukocyte prf-pa rations tures were given in I ml inocula ip to respec-
of peritonea] exudates obtain~ed from (logs, a tive groups of cYcloleucine labeled assay rats.
goat, and a burro. All rats used in the assay The rats were killed 4 hr post administra-
system werte fed an agar and] gel diet, contain. tion and serum zinc and hepatic cycloieucine
ing 18%c casein (6), ;mid 24 hr prior to use concentrations were deternuned and comn-
were injected subi~utaneotisly with I pCi '100 pared to saline corntrols.
g of body wt of cycloleucine. One half (,f the To test the effects of storage on LEM ac-
LEM preparation ironi e3ch specie %%as heat- tivity, part of a freshly prepared lot of rabblit
inactivated (900' for 30 mnin). Both untreated LEM (0.72 mg protein/mI) was adminis-
LEM and heat-inact-vated LEM from each tered (I nIl ip) to cycloleucine labeled rats
specie were then administered ip (I nil) to and compared to saline controls for its effect
respective groups of the pulse-labeled rats as.1 on -serum zinc depression and amino acid
outlined in Table IT. Four hours after i.njec- flux. The remaining LEM was divide~d into
tion, the rats were b~ledl ar~d liver homog- two lots and stored at 4 and -20 ra-spec-
enates were obtained for tht! determination tively. for 7 dlays before being te-ted tor
of their sertim zinc and hepatic cyclolea:cine activity (Table IV),
concentrations. Results. As shown in 'fable 1. a cross spe-

fEffcrt of enz-;.mes, P11 and storage of LEJ~I cies susceptibility for ',he induction of serumr
activity. LENT was p~rep~ared from EIMN leu- zinc depressions wes evidernt between LENT
kocvtes obtained from rabbit peritoneal ex- p~reparations obtained from and tested in
u'lates. To 9 nil of LEM (3.8 mg pro rats, rabbits, and monkeys. However, based
tein, nil) I ml of either trypsin (3 mg) or on the amount of LEM administered and the
lipase (4 mg) in 0.15 Ml tris(hydroxyrnethyl- sprum zinc depiessions observed, both the
I -amino methane) (pH 7.0) buffer, contain- rabbit and the rat ap;eared to be more sus-
ing 4 X 10-1 .1 Ca-" . was added, giving a ceptible than the monkey to homologous
final volume of 10 ml for each reaction mix- lpreparatiors of LEM. lBy contrast, the mon-
ture. Similarly, to another 9 ml of LEM a I key appeared to bie equall:- susceptible to the
ml of 0.10 31 sodium borate buffer (pH 7.0) bete. ologous LENT preparations.
containing 4 mg of pronase and 5 X 1-3 .11 When zlterations in serum zinc and hcjm-
C12 - was added. The UI.M-mnzyme-buffer tic cycloleucine concentrations in the rat
reaction miixture:, were allowed to incubate at were emplov~ed to tqKoy the activity of LEM
37' for either 4 or 24 hr After incubation I preparations obtain.- I from peritoneal TINT
mld -4 :ach mixture was injectedI ip into nor. leukocytes of a variety of s1Y.-&ic. all but the
mat cycloleucine labeled assay rat-. As goat and burro LEM lpreparationF we-._ ac-
controls fot this experiment, LF.MI-buffer tive, as shown in Table 11. 'in all s.adies, thc
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TABILE 1. C'.u).tarison of Spcvitv. Speeificity of iEM oil Serum 'Zui Dhepre"%ion.

Itecipieiit ulli-i'ld

Souree of Dose Route of Sertnm Ziau Conutrol serun, Zu"

LEM (ing proieiti) ii'oculation (Ag/100 U.1) (pg!100 ml)

R-tabit"

Rabbit 1.98 iv 49 -t 6' 138 i-' 7

Rat 2.50 iv 73 t7 33 t 5

Monke," 5.00 iv 80 126 t 7

Rat'

Rabbit 0.66 ip 92 a 6' 136 t 4

Rat 0.55 ip 53 4 41 144 : 4

Monkey 1.20 iI, 89 :- 4d 138 -t- 5

Mo.aiaey'

Rabbit 13.00 iv 55 t: 3' 97 = 8

Ratt 7.50 iv 70 .t 4' 914- 5

Moikkey 12.00 iv 50 +- C' 101 t- 6

Minimum of 6 detenni ilntionw/vat ilt- SE.
' Measured :at 12 hr p.otadlninibtrzitio,

M MIua.ured at 6 hr poshtaiiinistrtMion.
Values significntly different front control p < .01.

heat-treated preparations were inactivatfi, ble Il). HII wever. b. -h enzymes were equal-

and thus did not induce any changes in ei- 1%y effective in klactivating the ability of

ther of the two parameters being measured. LIEM to induce either serum zinc depression

The two proteolytic enzymes. trypsin and or amino acid flux when the LEM-enzyme-
pronase. were only partially effective in inac- buffer reaction mixtures were allowed to incu-
tivating LEM when incubated for 4 hr (Ta. bate for 20 hr. As shown in Table Ill, lipase

TABUE II. Fffect of LEM Preplmred From utifferent qpeeiel onil eruni Zinc li1pre,,ion rand

Amino Adid Flux in the Rat.

S~llepatiie

Prote'in eontcnt Cyclelcucine Serum* zinc

Slpvie" (mo/lull Treatinent (.llpmlln/mI) (pr/lO0 nal)

Rat 0.14 Untrented 61.6 ±t 2.0' 74 5'
tleat inactirated 33.6 - 1.6 122 -- 4

t1:abbit 1.30 UnttrVIcd 42.1 2.4' 50 - 3'

1lhat ilacet'vtled 30.1 -:- 1.3 133 -- 5

Monkey 1.30 Vntreated 26.2 2: 1.2 64 4:±.3'

hlei•t inuctivaltef 17.9 t 0.9 120 ±: 7

Dog 4.2(1 Untreated 36.5 t 2.9' 57 _ 4'

Ileat inartiv:1t.vd 20.0 -t O.S 118 ± 5

Got1.50 VUntrented 23.8 1 1.2 126±5
Ileat inetfivi,0t, 14.8 -* 2.. 103 - 7

Burro 3.110 lUtrcniirmIe 23.4 : 1.4 118 I Sl

Ileal innetiva'C1 26.. L-- 3.2 120 L Cy

"Meau,' ot a mhinitum of 6 anitiimbl. ± SE.

" Vaplue Signifrantly dirl-reht from colitr-l p < .01.
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TABLE Ill. Effect of Pronmise, Tryprin :'lid Lipase on Amnino Acid Flux and Ser'im Zinc Pe.
pression Activity of RWbbit LEM When Ti-ted in tiw Il:

Hlours of incubation

4 £0

Cvcolucine" Set lin zinc, Cyvuluencinle, Seruni •ine

Treantment (dlin/lng liver) (/,g/100 ull) (dpmm/Ing liver f•':-/lO0( nit)

Buffer +- prozip, 1215.6 -4- 1.2 138 _ 26°-.6.- 2... I) I 1 :i 7

LEM + buffer + pronase 33.7 t 2.5 86 - 14 26.7 "+ 2.4 122 -t" +
IEM -+ buffer 40.3 ±t 1.9 j9.4- 5 t6.4 -. 2.0 5F --z- 6

buffer + trypsin 26.8 -L 1.8 141 -t 2 28.2 4t 0.9 150 4t 6
LEM + buffer + trypsini 34.8 4- 3.0 72 ,-- 9 33.2 :. 2.8 135 :t 7
LEM + buffer 45.3 - 2.8 49 - 6 68.0 -t 3.9 45 _t 4

Buffer + lipase - - 26.3 L 1. 1.53 -4- 4
LEM +- buffer -+ lipwi-e -- •53.1 :t 4.0 86 :t 4
LEM. -+ buffer 66.8 --# 5.0 40 t 4

1 Mecans if a minimum ol 6 uininjalý -4j•.

Swas able to p',rtially reduce the activity of slight loss of activity for serum zinc depres-

LEM. Since the lipase p~retreatment elici:ed sion but not !or amino acid flu4 was observed
some degree of inactivation, the lipase prepa- when the LENI was stored at 20' for 7 d-,1,
ration was tested for proteollytic activity (14) Discussion. The effects of LEM ebb~tined
and was shown to be about 1/20 as active from IMN leukocytes on serum zinc and
(orn a wt basis) as the trypsin used in this iron concent:ations (1-3) and amino acid
study. iron concentrat'gns (1-3) and amino acid

Pittreatment of LEM viith buffers ranging metabolism (4, 6, 7), have been clearly
from pH 4.. -8.0 showed iittle effect on reduc- demonstra Ad when measuring these paramn-
ing :he activity of LEM, especia'ly for amino ters in rat old rabbit models. However since
a:cid flux, as shown in Fig. 1. However, LEM shares several characteristics with EP
slight variat;ons in activity were observod for studies on the species spec~ficiy and various
serum zinc 11epressiin. Storage at 40 for 7 chemical and physical properties of LIEM
days (li,. not a~tei the activity of LEM for were conducted in order to establish addition-
either parameter measured. By contrast, a al similarities or differences between these

two endogenous me(liating factors of the
TABLT IV. Effect of Slor-mge on the Amino Arid inflammatory process.
Flux of Serum Zinc lirprc-ion Activity of LI.EN1 The present study demonstrated that a

in the RVaL cross species susceptibility to heterologous
LEM preparatior existed bwtween the rat,Jpleatin Serum rabLit and monkey: with tOn mo.nkey being

eycloleuciuc' zinc°

lrreatwent (Ipnsmi/mig) (p,/1f0 mI) equaly susceptible to both the heterolnmtý s
and homologous preparations. The responses

S-line control 19.1 ± 1.8 125 -, 8 observed for LEM between the ri; and rabbit
LEM zero time .7 2.1' J6 t 6' for serum ziic depression and amihio acid
"LV. 4o 31., 2- 3.8' 59 ± 7' metabolism differed cymewhat from tho-e re-

for 7 ilays portro for EP. Both leukocytic extracts from
LEM -!!0- 33.6 -_ 3.6' 87 ±t 81 the rat and rbbit could induce alterations in

for 7 days -nc and amino acid metabolism when tested 4.

" Means . f a minimum of 6 animals ±t SE. in either specie, whereas Kamp-schmidt and
"Valrh significantly different from corttr.,,: p Upchurch (1) found that leukocytic extract

< .01; t P < .0s. frorn rabbit PZ1sN leukocytes increased the
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2401 species lessl-d with the exception of the goat
too and burro. Aithough these findings may ap-

pear to limit the rat as a bioassay anin--a! to

40 potential usefulness for studying the oath-
0____ ____si of inflammratory diseases in nian.

41. The results fromn the enzyme studies

H1ATIC CywLOLEUCIcn the fact th"t L.M, like Ell. is com-
To oed of protein. However, LEY' appearedl to

Smorereesistant than El) to i he akction of
proteolytic en Raft Coining has3o Wood (1i) re.ported that EPu cyiud be oac-

1 ___________0_________ tivated after only 4 hr of trei-ment with
SStrypsin (3 in ag/ manl) and within 2 hr with

SA04Z AOEPepsin (2 mg/10 ml). By contrast a 4h

4 5 50 6 Sc 65 7.0 71 6.0 or pronase- (4 nig/lO ml) only partially
PH inactivated the~ serum .dnc depressing anti

Fw'. 1. The effect of varying pH on th~e serum amino acid flux effects of LEM. Only after a
zinc deprem.ion and amino acidt flux activity of 20-hr iticullatior. with either of these two
1.0. The solid horizontal bands represent the proteolytic enzymes was LEM ir.ectivated,
means t SE of satin' cotis, and the hadek suggesting that it may have a different arM-
horiit.i ,inds reoreent the means : SE of no acid sequence or structural congt ration,
unmfied L1MN plus saline. which renders it wore resistant to pioneolytic

enzym e mses.
body temperature of rabbits, but decreased LEM appears to be relatively stable ovtr a
and altervd the temperature cycle in 0- rat. ivide 11 range; although slightly more vawit
Furthermore, thes investigal(rs relort. (I) ability (3i the zilc depresing effects were
that leukocytic extracts from rat PAIN lep- observed. Similarly storage of LEM at 4" did
kocyt's had no effect upon the body tmpera- not appear to reduce its lxwtency. ( ilowever,
tums of either the rat or rabbit. Since the the serum zinc depressing effects were sonie-
liver appeared to be the site of action for the what reducd when the LEM was stoafe at
lowering of serum zinc (5) and amino acid -20-. These slight but obvious differences
flux (6) aT d the hyporiotalamic area the site on the effects of LEM on serum zinc depres-
of hernmoregulation (9) the differences i s ion and amio acid flux aft er varying the
-the observed responseus could possibly be due pof or storing at .20' may suggest that the
to the differences in either the effector aies two biochemical parameters i oeasured in this
between spercies or to differbices between the study may, in themselves, be mediated ay
effector molecule- --e LEr e and E)l' them- separate proteins released, in part, by rvIN
selves. leukocvies.

Although theu monkey appeared to be Althugh LEM and i l' are beth derived
eqhally susceptible to rat and c abbit LEM its from Pru b N leukrcytes and share certain
employment as a model for the routine hi- pnysical and chemical properties,. differences
oassay of LEit is impractical. Therefore the in thee roperties and specie:. specificity ex-
ralowrn employed, arzd. as demonstrated by ist. These inconsistencies can only be c-
this study, depressions in serum A irnc and plainea by tLe ultimate purification of these
increases in hepatic cycloleucir e concentra- endogenois factors.
tions could lu c induced by LEM from all Summary. A degree of crotssa species suscep-

Semployment as a model for the routine bi~~'- pyia n hmclprpris ifrne
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